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L INTRODUCTION

So far, the most sensitive hetcrodyne  rcceivcrs  in the
millimeter-wave and submillimcter-wave frequency ranges
have used the mixing response of the quasiparticle  currents
in S1S (Superconductor-Insulator-SuWrconductor) tunnel
junctions. Both high RF-to-IF conversion efficiency and
low noise arc prcdictcd by theory [1], and rcccntiy  good
rcsulls have been reported up to frcqucncics near 600 GHz
[2-4]. Wc have designed, built and characterized an S1S
rcccivcr  using niobium-based tunnel junctions, for
astronomy observations of several important molecular
transitions in the range 600 GHz -635 GHz. We rcporl
double sideband (DSB) rcccivcr  noise tcmpcraturcs
7R c 395 K for frcqucncics below 630 GHz, and as low
as 250 K at 605 GHz - 610 GHz. These results confirm
that quasiparliclc  S1S mixers work WC]] at submillimctcr
wave frcqucncics corresponding to photon cncrgics  of at
least 90% of the superconductor gap energy.

11. RECEIVER DESIGN

The rcccivcr  employs a full-height wavcguidc  S1S
mixer, with an adjustable backshorl  and E-plane tuner to
provide a wide range of embedding impedances [51. The
RF signal is coupled to the input wavcguidc  via a dual-
modc conical horn. A two-section Chcbychcv  transformer
converts the 1.4-GHz IF output impedance to the 50-Q
input impcdancc  of the cooled low-noise HEMT amplifier.
The measured lF bandwidth is 500 MHz.

The local oscillator (LO) consists of a 104-GHz Gunn
oscillator followed by two frequency multip]icrs  (x2x3)
using whisker-contacted Schottky  varactor diodes. l’hc LO
and signal arc diplcxcd  by a mylar bcamsplittcr  having a
15% rcftcction  which gives enough L.O power to fully
optimize the mixer performance at each frequency. To
avoid cxccssivc insertion 10SSCS associated with dielectric
lenses at such high frcqucncics,  wc usc off-axis elliptical
mirrors to couple the RF power into the mixer. In
addilion,  two fluorogold  infrared filters prevent room
temperature radiation from saturating the mixer. A
superconducting magnet (producing up to 1000 Gauss) is
used 10 average out the AC Josephson current which is a
source of noise for the quasiparticlc  mixer.

111. S1S JUNCTION AND INTEGRATED TUNING
CIRCUIT

q’hc mixer uscs a 0.25-pm2 Nb/AIOx/Nb tunnel
junction of high current density (jC = 13 Wcn~2),
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Fig. 1. (a) Top and (b) cross section views of the tnicrostrip
tuning circuit integrated with the S1S tunnel junction.

fabricatcxi  by electron-beam lithography [6]. The normal
resistance is 73 Q. Its large capaci(ivc  susccptancc,  which
shunts the RF signal, is resonated out by a parallel
superconductive Nb/SiO/Nb microstrip  circuit. This
circuit, shown in Fig. 1, was designed for an cslimatcd
junction capacitance C of 21 fF and a ccntcr frequency of
626 GHz. A radial stub provides an RF short circuit over
a broad bandwidlh,  which is then transformed into the
desired inductance by an appropriate section of microstrip
transmission Iinc of characteristic impedance near (aX)-l.
Calculations of the transmission line parameters took into
account the effect of the magnetic penetration dcplh
(750 ~) in both superconducting clcctrodcs,  but neglected
possible effects of dispersion in the line.

IV. RESULTS ANQ DISCUSSION

The rcccivcr  double sidcbanci  (DSB) noise tcmpcraturc
as a function of LO frequency is shown in Fig. 2. The
best noise tcmpcraturc  is 250 K * 17 K at 605 GHz -
610 GHz. The highest is 508 K f 30 K at 635 GHz. For
each point, the wavcguidc  ttmcrs, LO power and DC bias
were optimized. The rise in noise tcmpcraturc near
635 GHz may indicate the edge of the mixer tuning range,
dctcrmincd by both the wavcguidc  mount and the
integrated tuning circuit, The latter was designed to
optimize the mixer at -626 GHz. However, the DC spike
induced in the I-V characteristic by the interaction of the
AC Josephson currcnl  with the integrated circuit indicates
that the rcsonancc may actuaiiy  occur near 580 GHz.
Unccrtaintics  in the magnetic penetration depth and/or in
the junction capacitance couid  account for this frequency
shift, The same junction has been mcastsrcd  in another
rcccivcr,  designed to operate at 547 GIIz, and those results
have bear reported clscwhcrc  [4].



.-” ,
,* ,

4

600 r—-——— ——__— .-. _. -----
500 -

400 -

300 -

200 -

100

0 I

.

].__./

. .._

.

—L  ——J—.——. ——_..L_—.. . . ..—-d _. ._d—  _

600 610 620 63o 640
F R E Q U E N C Y  [GHZ]

Fig. 2. Double sideband receiver noise temperature VS L,()
frequency

The receiver performance was measured by the “Y-
factor” method using hot (295 K) and cold (82 K) loads at
the RF signal input, and the full Planck expression was
used to calctrlatc  the radiated power from Lhcse loads.
Figure 3 shows the corresponding IF output power
curves, along with the unpumpcd  and LO-pun~pcd  I-V
characteristics. The besl rcceivcr  noise was obtained when
the junction was biased in the high voltage end of the
photon step, that is, above the large @_Q that can bc seen
in the IF output power curve. Wc bclicvc  this dip results
from an overlap of the first-order photon step of the
positive voltage region with the second-order photon step
of the negative voltage region, The latter dccreascs  the
pumped current of the positive voltage step in the region
of overlap. This feature is clearly seen in all pumped I-V
characteristics for high LO powers. The dip in the IF
power curve is produced by an IF impedance mismatch
near where the overlap ends, Both .thc LO power and LO
frcqtrcncy  dcpcndcncc  of this l-V/lF  feature support this
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Fig.3.  Typical IF output power vs bias voltage for hot and
cold loads at the receiver input, showing the effect of the
overlapping photon steps. Also shown arc the LO pumped
and unpurnpcd  I-V characteristic.

interpretation. This effect has been predicted theoretically
and observed at 73 GHz [7], but this is the first
identification of it at submillirnctcr  wave frequencies.

This effect has practical consequences for
submillimctcr  wave receivers. With niobium-based
junctions, the bias voltage region yielding the best
mixing performance will be restricted to only a small
fraction of the first photon step. As frequency approaches
the gap frequency, the second photon slcp eventually
overiaps  LIW wimic pnoma  sic~j of interest, reducing the
optimum mixing bias region to zero. In addition, the
second Shapiro step occupies this critical bias region.
These considerations arc incentives for utilizing higher
energy gap materials, such as NbN, for S1S mixers
operating at still smaller wavelengths.

V. CONCLUSION

We have dcvclopcd  and characterized a wavcguidc S1S
hctcrodync  rcccivcr showing low noise performance in the
range 600 G}Iz to 635 GHz (as low as 250 K). These
results indicate that Nb tunnel junctions and Nb
transmission lines work well at high submillimctcr  wave
frequencies. This rcccivcr  is schcdulcd  for radiomtronomy
observations at the Caltcch Submillimctcr  Observatory on
Mauna  Kca, in Hawaii.

ACKNOWLEDGEMEIW’S

The. research dcscribcd  in this paper was performed by the
Center  for  Space  Microclcctronics T e c h n o l o g y ,  J e t
Propulsion Laboratory, California Institute of Technology,
and was jointly sponsored by the Innovative Scicncc  and
Technology Office of the Ballistic Missile Dcfcnsc
Organization, and NASA/OACT. Morvan Salcz, and Pascal
Fcbvrc  have been partly sponsored by Matra Marconi Space,
I’oulousc,  France, and DEMIRM,  Obscrvatoire  dc Mcudon,
France, Morvan Salcz. is currently sponsored by the Research
Associatcship  Program of the National Research Council.

[1]
[2]

[3]

[4]

[5]

[6]

[7]

REFERENCF25

J.Tucker, M, Fcldn~an,  Rev. Mod. Phys. ~, 4, 1985
J. Znluictzinas, H. Ci.I,eDuc, J.A.Stern, S. R. Cyphcr,  Proc.
4th Int’1 Symp. on Space Terahertz  Tech., UCLA, 1993.
Ci. DcLangc, C. E. Honingh, M. M. T. M. Dicrichs,
H. H. A. Schacffer,  R. A. Panhuyzen, T. M. Klapwijk,  H.van
dc  Stadt, M. W.M.dc  Graauw,  E. Arn~andillo,  Proc.  4(h
lru’1 Symp. on Space ?’erahertz Tech., UCLA, 1993.
P. Fcbvrc, W. R. McGrath, P. Fiatclaan,  B. Bun~blc,
M. A. Frcrking,  J. Hcrnichcl,  submitfed  ro IEEE  MTI’,
April 1994; same authors, to appear in Proc. 18th Int’1
Conf,  on IR and Millimeter Waves, Colchestcr,  UK,
1993.
W.R. McGrath,  K. Jacobs, M. Frcrking, R.E. Miller, J .
Stern, H. LCDUC,  B. Hunt, Proc. Firs/ lnt’1. Symp.  on
Space I“eraherfz ?“ech., p. 409, Univ. of MI, 1990.
H. Ci. LeDuc, B. Bunlblc, S. K. Cyphcr, A. J. Judas,
J.A.Stern, Proc.  3rd lnt’1 Symp. on Space Terahertz
?’ech., p.408, Univ. of MI, 1992.
D. Winkler,  T. Clacson,  J. Appl. Phys. ~, p 4482, 1987.


